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Method of and device for recording data down-hole in a well bore 



This invention relates to a method of storing 
digital sample versus time data down-hole in a 
well bore in a down-hole tool which is self-con- 
tained, said down-hole tool comprising a power 
source, analogue parameter transducer means, 
analogue to digital conversion means and RAM 
storage and said digital sample versus time data 
being stored in said RAM storage for subse- 
quent readout when the down-hole tool is 
removed from the well bore, the method 
. comprising the steps of: 

— 1) initiating an analogue read-out sample for 
the transducer means; 

— 2) coverting each said analogue output 
sample to a digital sample; 

— 3) storing the digital sample in said RAM 
storage to be retained for said subse- 
quent readout; 

— 4) storing in said RAM storage a time tag 
associated with each stored digital 
sample; and 

— repeating the steps after a delay, the power 
being supplied by the power source to the 
transducer means only when the data 
samples are taken. 

The invention also relates to a self-con- 
tained down-hole tool for use in the method of 
the invention, comprising a power source, ana- 
logue parameter transducer means, control 
means selectively applying power to said trans- 
ducer means only during sample time periods 
analogue to digital conversion means for 
converting each analogue output sample from 
said transducer means to a digital sample, and 
RAM storage for storing the digital sample and 
the time at which said digital sample is taken for 
subsequent readout when the down-hole tool is 
removed from the well-bore. 

Temperature and pressure readings down- 
hole in a well bore having long been used to 
provide useful information in the oil industry. 
These parameters, along with rate of flow etc 
provide invaluable information about the geolo- 
gical characteristics of the well. Early devices 
were mechanical and electromagnetical in 
nature, and as such, provided packaging 
problems. Spring clock driven charts used 
delicate mechanisms and sensitivity was poor. 

With the advent of solid state electronics, 
reduction in power requirements was signi- 
ficant, and self contained devices employing 
solid state memory systems were employed as 
a means of recording down-hole temperature, 
pressure and time. US— A— 4033186 dis- 
closes a device which operates in accordance 
with the general method as hereinbefore 
defined. The device processes down-hole gauge 
signals from plural sensors through a multi- 
plexer and analog-to-digital converter and store 
binary data in a solid state memory for subse- 



quent readout upon retrieval of the tool from the 
well bore. The gauge signals generated at time 
intervals and are stored with corresponding 
time signals. These intervals are, however, in 

s accordance with a predetermined schedule 
selected before the device is put into the well, 
and cannot be varied once the device is in the 
well to take account of the variation in the rate 
of change in the data being generated by the 

jo gauges or transducers. In addition the device 
disclosed in US — A — 4033186 does not 
include RAM storage, but only a very basic 
memory. This does not permit the flexibility of 
operation which is desirable. 

15 T. S. Matthews, in an article entitled "Bidirec- 
tional Telemetry for Downhole Well Logging", 
published in Petroleum Engineer International, 
vol 49, no: 10, September 1977, pages 56 — 
62, describes a system which, by contrast with 

20 that disclosed in US — A — 4 033 1 86, includes 
a microcomputer in the downhole tool 
communicating with, and controlled by, a mini- 
computer on the surface, via a connection cable. 
The system is thus not self-contained, requiring 

25 ten telemetry channels in the connection cable 
to the surface. This is costly and requires 
protection from damage. There is no disclosure 
of varying the rate of measuring to take account 
of the rate of change of the data. 

30 FR— A— 2 334 090 and US— A— 
3 794 981 disclose data reduction techniques, 
but neither suggests their application to down- 
hole well-logging, and neither discloses or even 
suggests varying the rate of data acquistion 

35 according to the rate of change of the values of 
the data. Although US— A — 3 855 617 dis- 
closes the use of different rates for sampling dif- 
ferent data sources, these rates are pre-set; 
there is no suggestion of continuously varying 

40 the sampling rate according to the rate of 
change of the values measured. 

In the device disclosed in U.S. Patent 
Specification No. 3,977,245, a digital system is 
employed to convert analog gauge readouts to 

45 digital format for storage in memory for subse- 
quent readout. 

Systems of the above-referenced type, in 
employing solid state techniques and employ- 
ing digital storage, offer a decided improve- 

50 ment over early electro-mechanical devices, and 
are capable of reading and storing appreciably 
more data for a given run because of the appre- 
ciable reduction in battery supplied power. 
Systems employing such solid state memory 

55 systems are, however, essentially a means for 
efficiently storing temperature and pressure 
data and time of obtaining raw uncorrected 
data. For example, pressure transducers have 
temperature characteristics which must sub- 
' 60 sequently be considered and the uncorrected 
data stored must subsequently be corrected. 
Analog-to-digital converters employed to pro- 
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cess analog readings into binary format for 
memory storage have zero drift as do tempera- 
ture and pressure transducers, and these errata 
must subsequently be considered in processing 
stored data containing attendent errors into 
useful, accurate information. 

While solid state memory systems are 
inherently power conservative, as compared to 
early electromechanical devices, the ultimate 
utility of such devices may be limited by the 
memory storage capacity. Known solid state 
memory systems operate on a predetermined 
fixed data sampling and storing sequence as 
defined by clock oscillator countdown dividers. 
To conserve battery power, the devices are shut 
down when memory is full, with remaining 
power utilized to retain stored data in memory. 
Thus, the length of time for a given data taking 
run is limited by memory storage capacity and 
the sampling rate. Under conditions of static 
pressures and temperatures, the memory is 
inefficiently utilized in recording redundant, like 
readings. 

Systems employing fixed data sampling and 
storing intervals may fail accurately to record 
dynamics of the parameters being measured 
and, while a particular fixed sampling rate may 
be grossly high for static conditions of 
measured parameters, the same fixed rate may 
be grossly inadequate to record rapidly chang- 
ing parameters accurately. 

It is therefore an object of this invention to 
provide a self-contained time-referenced down- 
hole temperature and pressure reading tool for 
data sampling and storage, whereby data is cor- 
rected and linearized prior to memory storage. 

A further object is to provide such a self-con- 
tained down-hole tool in which battery power is 
conserved and memory storage capacity is 
more efficiently utilized. 

Accordingly, the method of the invention, 
which is a method storing digital sample versus 
time data down-hole in a well bore in a down- 
hole tool which is self-contained, said down- 
hole tool comprising a power source analogue 
parameter transducer means analogue to digital 
conversion means and RAM storage and said 
digital sample versus time data being stored in 
said RAM storage for subsequent readout when 
the down-hole tool is removed from the well 
bore, the method comprising the steps of: 



— 1 ) initiating an analogue read-out sample for 
the transducer means; 

— 2) converting each said analogue output 
sample to a digital sample; 

— 3) storing the digital sample in said RAM 
storage to be retained for said subse- 
quent readout; 

— 4) storing in said RAM storage a time tag 
associated with each stored digital 
sample; and 

— repeating the steps after a delay, the power 
being supplied by the power source to the 



transducer means only when the data 
samples are taken; 

is characterised in that the steps 1), 2), 3), and 
5 4) are carried out under the control of a micro- 
processor with said RAM storage and with ROM 
storage and provided in said down-hole tool and 
in that each cycle of steps of the method com- 
prises in addition to the steps 1), 2), 3), and 4) 
w hereinbefore defined, the following steps which 
are carried out by said microprocessor: 

—2a) correcting said digital sample using 
linearisation information in said ROM 
15 storage; 

— 2b) correcting said digital sample using 
temperature correcting information in 
said ROM storage; 
— 3a) determining the difference between each 
2Q stored digital sample and the next 

preceding digital sample; 
— 3b) storing in said RAM storage as the digital 
sample data to be retained for said 
subsequent readout only those digital 
25 samples differing from the next preced- 

ing sample by a value exceeding a 
significant data change reference value; 
— 5) computing the data rate of change from 
the digital sample versus time data as 
30 stored according to step 3b) and 4); and 

— 6) adjusting the delay before the cycle is 
repeated and thus the rate of taking the 
samples as a function of the data rate of 
change and any change in said rate of 
35 change. 

The tool of the invention is characterised in 
that it contains a microprocessor with said RAM 
storage and with ROM storage containing 

40 linearisation information and temperature 
correcting information for use in correcting said 
digital sample in that the control means is con- 
nected to the microprocessor to enable the 
microprocessor to control the operation of the 

45 transducer means. 

Data sampling sequences are effected at a 
rate which varies with the rate of change of the 
data being sampled by a microprocessor 
program which, for example, might compare 

so each data sample with the next previous 
sample, divide the difference by existing time- 
out interval, and adjust the program time-out 
interval for a next successive sample taking 
program sequence, accordingly. The absolute 

55 value of the changes between successive data 
samples is compared, by program defined cri- 
teria, to a program defined significant data 
change reference value, with only those instant 
samples meeting and exceeding the program 

60 defined criteria being stored in the memory 
along with a time lag. Power conservation is 
attained by controlled power turn-on of trans- 
ducer and reference bridges during sample 
times. Microprocessor associated program- 

65 mable read-only memory devices may hold pre- 
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written linearity and temperature correction 
data unique to each transducer, with the micro- 
processor program providing data correction 
prior to storage. 

A specific embodiment of the invention is 
illustrated in the accompanying drawings, in 
which; 

Figure 1 represents a functional block 
diagram of the self-contained microprocessor- 
based down-hole temperature, pressure and 
time measuring and data storage tool; 

Figure 2 is a functional schematic block 
diagram of the power control interface and 
transducer portions of the system of Figure 1 ; 

Figure 3 is an alternative switching arrange- 
ment useable in the system of Figure 2; 

Figure 4 is a program flow chart depicting 
data sampling and channel time-out adjust- 
ment; . 

Figure 5 is a more detailed diagram of the 
read and calculate block of the flow chart of 
Figure 3; 

Figure 6 is a program flow chart generally 
depicting data readout from memory; and 

Figure 7 is a functional physical make-up 
diagram, the self-contained down-hole tool 
packaging a microprocessor-based tempera- 
ture, pressure, and time data recorder. 

With reference to the functional system dia- 
gram of Figure 1, an embodiment of the pre- 
sent invention is shown as comprising a control 
interface between a data processing and 
storage system and analog transducers which 
are sampled by computer activated power 
control electronics. The upper depicted data 
processing and storage system 1 0 comprises a 
microprocessor including a central processing 
unit (CPU) 12 along with random access 
memory (RAM) 14, programmable read-only 
memory (PROM) 16, random access memory 
(RAM) 18, and programmable read-only 
memories (PROMS) 20, 22 and 24. Also shown 
in a readout interface unit 26 providing a data 
readout 27 under control of readout control line 

28. RAM 14 interfaces to a common data bus 

29, a common address bus 30, and a common 
control bus 31. PROM 16 interfaces with 
address bus 30 and control bus 31; and CPU 
12, RAM 18, and PROMS 20, 22, and 24 inter- 
face with each of the data, address and control 
buses 29, 30, and 31. 

As depicted functionally, RAM 1 4 is utilized 
in calculations required by CPU 12; PROM 16 
provides program steps of the CPU; RAM 18 
provides non-volatile data storage (memory); 
and PROMS 20, 22 and 24 hold linearity 
correction data for the respective temperature 
transducer, pressure transducer, and reference 
bridge elements of the system. 

The above described data processing sec- 
tion is interfaced, through data, address, and 
control bus interfaces with an interface control 
32. Power from battery source 34 is supplied 
interface control 32 via interconnect 36 and 



selectively via line 38 to a power control cir- 
cuitry 40, 

Power control circuitry 40, as will be further 
described, time multiplexes power application 

5 to temperature transducer 42, pressure trans- 
ducer 44 and reference bridge 46 via lines 48, 
50, and 52 respectively, under control of a 
digital multiplexing control line 54 between 
interface 32 and power control circuitry 40. 

10 When energized upon application of power 
on line 48, temperature transducer 42 develops 
a temperature analog output on line 54. Like- 
wise, pressure transducer 44, when supplied 
power on line 50, develops a pressure analog 

is output on line 56; and reference bridge 46, 
when supplied power on line 52, develops a 
bridge reference analog output on line 58. 
Analog outputs 54, 56 and 58 are applied in 
time multiplexed sequence to an analog multi- 

20 plexer 60, which, under control of multiplexing 
data control input 62 from interface control 32, 
applies each analog output in sequence on line 
64 to analog-to-digital converter 66 to output 
digital data corresponding to the sampling of 
the temperature, pressure and bridge references 
on data line 68 to interface control 32 from 
which it is applied to the common data bus 29. 

Referring now to Figure 2, wherein certain 
portions of the interface control and power cir- 

3° cuitries are exampled in more detail, battery 
source 34 is depicted by negative battery 
terminal 34a and positive battery terminal 34b. 
With transistor switches 70 and 72 energized 
by power on control line 74 from control latch 

35 circuitry 32', negative battery power is switched 
to a negative regulator 76 to provide regulated 
negative voltage on line 38a; and positive 
battery power is switched to a positive regula- 
tor 78 to provide regulated positive voltage on 

40 line 38b. Negative regulated power on line 38a, 
as will be further described, is connected 
directly to first power junctions of the bridges 
associated with temperature transducer 42 and 
pressure transducer 44, and also to a first 

45 power junction of reference transducer 46. As 
shown in Figure 2, positive power on line 38b is 
not applied directly to the other power junc- 
tions of the bridges, but is applied selectively 
through respective bridge associated transistor 

50 switches. This selective switching is accom- 
plished in time multiplexed fashion for each 
bridge output sampling sequence. Power on line 
38b is selectively applied through energized 
switch 80 onto line 48' associated with 

55 temperature transducer 42; through energized 
switch 82 onto line 50' associated with pres- 
sure transducer 44; and through energized 
switch 84 onto line 52' associated with 
reference transducer 46. Positive regulated 

60 power on line 38b is sequentially switched onto 
lines 48', 50' and 52' under control of respec- 
tive outputs from "1 of N" decoder 86 which 
receives a binary address on line 54 from an 
address decoder 32". Thus, for example, under 

65 control of addresses on common address bus 
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30 of the microprocessor, a two-bit address 
may be sequentially incremented to provide 
sequential switch enabling outputs on output 
lines 88, 90, and 92 from "1 of N" decoder 86 
to sequentially activate transistor switches 80, 
82, and 84, and thus sequentially apply positive 
power on lines 48', 50' and 52'. 

With power on line 48' f temperature bridge 
94 of transducer 42, as well as amplifier 95 to 
which the output from bridge 94 is applied, are 
operated to develop an amplifier output 96 
which is a voltage analog of temperature. Like- 
wise, with power on line 50'; pressure bridge 
98 of transducer 44, as well as amplifier 100 to 
which the output from bridge 98 is applied, are 
operable to develop an output 102 from amplifier 
100 which is a voltage analog of pressure. 
Reference bridge 104 and its associated ampli- 
fier 106 are operable upon power applied to line 
52' to develop an amplifier output 108 which is 
a voltage analog of the temperature drift of 
pressure transducer 44; reference bridge 104 
being a bridge identical with bridge 98 of pres- 
sure transducer 44, but not subject to ambient 
pressure. 

Analog outputs from each of the pressure 
and temperature transducers, and from the 
reference bridge, are applied as respective 
separate inputs to analog multiplexer 60, which, 
under control of incremented binary addresses 
on line 62 from address decoder 32", sequen- 
tially applies analog outputs from the bridges, 
as they are developed through power-on 
activity, onto multiplexer output line 64 for 
application to analog-to-digital converter 66. 
Digital outputs on converter 66 output line 68 
are thus sequentially applied, via data buffer 69, 
to the microprocessor common data bus 29 for 
processing and storage in memory. Preferably 
the analog-to-digital converter is only powered 
during sample time periods. 

Associated with each of the temperature and 
pressure transducers, and the reference bridge, 
is an auto-zeroing feature by means of which 
zero offset for the bridge output amplifiers may 
be determined, which offset may be obtained 
and stored by the computer for program-defined 
correction of the samples received during the 
repeated sampling sequences. Referring to 
Figure 2, a relay 1 10 and associated contact 
pairs 110a and 110b is shown in relaxed 
(unenergized) state with contact pair 110a 
closed to apply the output from bridge 94 to 
amplifier 95. Relay contact pair 110b, which 
shunts the amplifier input terminals, is open in 
the depicted relaxed state. This depicted state is 
maintained (relay 1 1 0 drawing no power) under 
normal operating conditions. Output 96 from 
amplifier 95 may be offset, i.e., experience zero 
state drift under changing ambient tempera- 
ture, and this offset must be ascertained in 
" order that the processor may correct the trans- 
ducer output sample. For this purpose, relay 
110 may be periodically energized, as defined 
by computer programming, to open up the 



bridge output as applied to amplifier 95, and 
short the input terminals of amplifier 95, with 
any then-experienced amplifier output defining a 
ten-existing offset error in samples of the 

5 temperature transducer output Relay 110 is 
selectively energized by the output from AND 
gate 1 12. Inputs to AND gate 1 12 comprise the 
positive power on bridge input line 48' and an 
enabling output 114 which may be selectively 

70 caused to appear from control latch 32' such 
that a "zero" command on line 114 during any 
time interval when power is switched onto line 
48' to energize bridge 94, will cause relay 1 10 
to operate for determination of zero offset via 

is any output from amplifier 95. Relay 115, asso- 
ciated with pressure transducer 44, is similarly 
energized by AND gate 1 1 6 via power switched 
onto bridge input line 50' and an enabling signal 
on line 114. Relay 118 and AND gate 120, 

20 associated with reference bridge transducer 46, 
likewise provide for a zero offset determination 
for the reference bridge output from amplifier 
106. 

Zero offset from all three depicted bridge 

25 amplifiers may then be selectively determined 
by computer program command for subse- 
quent utilization in the processor program in 
correcting subsequently taken data samples 
from the bridges. 

30 The above-described auto-zeroing feature, 

embodies relay operated switch contacts to 
effect the offset determination. Mechanical 
switch contacts offer the advantage of pre- 
cluding the switch elements themselves from 

35 introducing offset error. The relays 110, 115, 
and 118 embodied in Figure 2 offer this advan- 
tage, and commercially available low power 
consumption relays contemplated for useage in 
Figure 2 would not introduce sufficient battery 

40 power drain to be inconsistent with the power 
conservation aspect of the recorder. Alter- 
natively, as functionally shown in Figure 3, the 
switching functions provided by the relays of 
Figure 2 may be accomplished by solid state 

45 switching means. Referring to Rgure 3, a solid 
state switching arrangement is depicted for 
temperature transducer 42 as being typical of 
that which might be associated with each of the 
bridges in Figure 2. Solid state switching means 

50 122 may replace the relay contact-pair 110a 
associated with the temperature transducer 42, 
and solid state switching means 124 may 
replace the relay contact-pair 1 10b associated 
with transducer 42. Each of switches 1 22 and 

55 124 might comprise a switching element which 
is energized in response to a logic "1" input. In 
the depicted relaxed state, AND gate 112 pro- 
duces a logic "0" output (enabling input on line 
114 not present). The logic "0" output 126 

60 from AND gate 1 12 is applied through inverter 
128 as an energizing input to solid state switch 
122 and thus closes the bridge output line to 
amplifier 95, while the AND gate "0" output 
level applied directly to solid state switch 1 24 

65 does not energize switch 124. With an enab- 
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ling logic "1" level on input line 1 14, and power 
applied on line 48', AND gate provides a logic 
"1" output which deactivates switch 122 and 
activates switch 1 24 to thereby open the bridge 
output line and short the input to amplifier 95. It 
should be noted that use of solid state switch- 
ing may introduce switch-associated offsets 
which, unless recognized, may themselves 
produce offset and drift errors in the data 
sample outputted by the transducer amplifier. 
For this reason, the relay switch implementa- 
tion, in offering mechanical contacts, might be 
considered preferable and more than compen- 
sative for any attendant increased power drain 
over solid state switching. 

The system, as described above, is seen to 
provide interface with a microprocessor by 
responding to processor generated control 
signals to produce digital data sample readouts 
of pressure, temperature and reference bridges 
in repeated time multiplexed sequences. Pro- 
vision for bridge offset determination has been 
described, such that data is presented the 
microprocessor which permits the processor to 
correct the data samples prior to storage. Power 
conservation techniques have been described 
whereby the bridge outputs are sampled by 
controlled application of power thereto, and 
thereby powered only during sampling periods. 
Consistent with power conservation, is the 
feature of having a variable sample rate of the 
measured variables in the well, where, under 
relatively static conditions of measured para- 
meters, the sampling rate is low and under 
rapidly changing state; the sample rate is high. 
This feature, along with the storage in memory 
of significant data only, results in maximized 
useage of memory storage capability as well as 
power conservation. 

The power conservation and efficient 
memory utilization features are implemen- 
ted by appropriate programming of the tool 
microprocessor. Unique data reduction, and 
sample rate adaption to measured parameter 
change rate, may be implemented by micro- 
processor programming. 

The data reduction capability of the micro- 
processor based tool herein described would 
allow the calibration curve and temperature 
correction curve for the temperature and pres- 
sure transducers and reference bridge to be put 
into a non-erasable PROM before the tool is run 
(see PROMS 20, 22 and 24 of Figure 1). The 
microprocessor, via state of the art program- 
ming techniques, then uses the information 
stored in these PROMS to linearize and correct 
the data taken from the transducers and bridges 
before it is entered into the memory of the tool. 

The variable sample rate feature is accom- 
plished by a sub routine in the processor 
program that causes the sample rate to vary, for 
example, with the changing rate of pressure 
samples. This routine, as exampled by the flow 
chart of Figure 4, starts with a time-out inter- 
val, effects a sequence of time-multiplexed 



power application to each of the transducers 
and reference bridge, inputs data to the CPU, 
calculates data rate of change for subsequent 
time-out adjustment, and makes a determina- 
5 tion of whether an instant sample constitutes a 
significant data change which should be stored 
in memory. 

Figure 5 shows a flow-chart definitive of the 
"read data and calculate parameters" block of 

to Figure 4, where input data sample S n , for 
example, a pressure sample, is compared to the 
next previously taken sample S n _ v If the 
absolute value of S n — S n _., is greater than a 
predetermined least count, S n is stored with 

fs time tag in memory, whereupon data rate of 
change may be calculated by division of 
S n — S n _i by the current time-out, and a subse- 
quent timeout adjustment made, based upon a 
programmed criteria. The flow chart further 

20 depicts provision for discard of insignificant data 
which does not represent sufficient change to 
meet the least count criteria, along with provi- 
sion for storing a coincidence time-tag should, 
for example, some preselected number of 

25 sample periods occur within data samples 
meeting the least-count criteria. Time out may 
then be, according to a program defined algori- 
thm, adjusted as a selected function of data 
sample rate of change. With slowly varying 

3 o sample change rate, time-out may be increased, 
while with increasing sample change rates, the 
time-out may be decreased accordingly, thus 
effectively changing the rate at which the 
routine of Figures 4 — 5 is performed and 

3 5 thereby adapting the rate of sampling to the 
dynamics of the measured variable. 

Date written into memory (RAM data storage 
18 of Figure 1) would contain a pressure read- 
ing, a temperature reading, and a time reading. 

40 As above discussed, the memory entries would 
be minimized by varying the sample rate, and by 
noting significant changes in measured vari- 
ables as a criteria for writing into memory. 
Upon retrievel of the tool form a well bore 

45 upon completion of run, surface equipment of 
commercially purchased type may be used to 
decode the memory of the down-hole record- 
ing tool. For this purpose, Figure 1 generally 
depicts a readout interface 26 communicating 

so with the data and address busses, along with a 
readout control line 28 and data output bus 27. 
Readout might be applied to a minicomputer or 
microcomputer programmed to reconstruct the 
pressure versus time and temperature versus 

55 time data that existed in the well during the 
time that the down-hole tool was in place. It 
may be appreciated that the entire charac- 
teristic of the well is not stored in the tool 
memory, rather an abbreviation of the charac- 

60 teristic is stored, due to the significant data cri- 
teria imposed on data storage. The stored data 
does include time keeping however, such that 
the running pressure versus time and tempera- 
ture versus time characteristics may be recon- 

65 structed such that they can be displyed, printed 
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or plotted. An exampled data output flow chart 
is shown in Figure 6. Any number of output 
formats might be employed to retrieve the 
stored data in the tool upon completion of a 
down-hole run. s 

Figure 7 functionally depicts a mechanical 
configuration of the tool herein described as it 
might be packaged in, for example, a 1.5 inch 
diameter housing, with downhole end packag- 
ing a transducer section 130 followed succes- w 
sively by power switching section 132, multi- 
plex section 134, analog-to-digital converter 
section 136, interface section 138, CPU, RAM 
and PROM section 140, transducer charac- 
teristics PROM section 142, power section ; 5 
144, readout interface section 146, and upper 
end lock mandrel, fishing neck and connector 
148. 

Claims 20 

1. A method of storing digital sample versus 
time data down-hole in a well bore in a down- 
hole tool (Figure 7) which is self-contained, said 
down-hole tool comprising a power source 25 
(144), analogue parameter transducer means 
(42, 44, 46), analogue to digital conversion 
means (66) and RAM storage (18) and said 
digital sample versus time data being stored in 
said RAM storage for subsequent readout when 30 
the down-hole tool is removed from the well 
bore, the method comprising the steps of: 

— 1 ) initiating an analogue read-out sample for 

the transducer means; 35 

— 2) converting each said analogue output 
sample to a digital sample; 

— 3) storing the digital sample in said RAM 
storage to be retained for said subse- 
quent readout; 40 

— 4) storing in said RAM storage a time tag 
associated with each stored digital 
sample; and 

— repeating the steps after a delay, the power 
being supplied by the power source to the 45 
transducer means only when the data 
samples are taken; 

characterised in that the steps 1), 2), 3), and 4) 
are carried out under the control of a micro- so 
processor (1 2) with said RAM storage and with 
ROM storage (16, 20, 22, 24) and provided in 
said down-hole tool and in that each cycle of 
steps of the method comprises in addition to the 
steps 1 ), 2), 3), and 4) hereinbefore defined, the 55 
following steps which are carried out by said 
microprocessor: 

— 2a) correcting said digital sample using 

linearisation information in said ROM so 

storage (16, 20, 22, 24); 
— 2b) correcting said digital sample using 

temperature correcting information in 

said-ROM storage (16, 20, 24); 
— 3a) determining the difference between each 65 



stored digital sample and the next 
preceding digital sample; 
— 3b) storing in said RAM storage as the 
digital sample data to be retained for 
said subsequent readout only those 
digital samples differing from the next 
preceding sample by a value exceeding a 
significant data change reference value; 
— 5) computing the data rate of change from 
the digital sample versus time data as 
stored according to step 3b) and 4); and 
— 6) adjusting the delay before the cycle is 
repeated and thus the rate of taking the 
samples as a function of the data rate of 
change and any change in said rate of 
change. 

2. A method according to Claim 1, wherein 
said transducer means comprises temperature 
and pressure transducers and the tool also com- 
prises a reference bridge, characterised by the 
step of initiating a preselected pmgram-defined 
initial time-out period and upon completion of 
said time-out period carrying out steps (1) 
through (6) of Claim 1. 

3. A method according to Claim 2, charac- 
terised in that step 3a) comprises computing 
from each pressure transducer sample and the 
associated multiplexed sample output of said 
reference bridge, a temperature corrected value 
of said pressure transducer sample, and storing 
said temperature corrected sample in said 
register means of said microprocessor. 

4. A method according to Claim 2 or 3, 
characterised in that said time multiplexed 
samples are effected by a computer interfaced 
power control, and said transducers and 
reference bridge are intermittently powered by 
said power source to effect each said time 
multiplexed sampling sequence. 

5. A method according to Claim 4, wherein 
said microprocessor computer comprises pro- 
grammable read only memory means storing 
calibration and temperature correcting defining 
data for each of said transducers and said 
bridge, characterised by the additional sub-step 
in step 3) of using said microprocessor to 
linearise and temperature correct said data 
samples taken from said transducers and 
bridges prior to being stored in said computer 
RAM storage means. 

6. A method according to Claim 5, charac- 
terised in that step 4) comprises the sub-step of 
storing a confidence time tag and corrected 
pressure and temperature data in said RAM 
storage means after a predetermined number of 
successive data samples fail to meet the cri- 
teria defined by step 3b). 

7. A self-contained down-hole tool for use in 
the method of any of Claims 1 to 6, comprising 
a power source (144), analogue parameter 
transducer means (42, 44, 46), control means 
(40) selectively applying power to said trans- 
ducer means only during sample time periods, 
analogue to digital conversion means (66) for 
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converting each analog output sample from 
said transducer means to a digital sample, and 
RAM storage (18) for storing the digital sample 
and the time at which said digital sample is 
taken for subsequent readout when the down- 5 
hole tool is removed from the well-bore, charac- 
terised in that the down-hole tool also contains 
a microprocessor with said RAM storage and 
with ROM storage (16, 20, 22, 24) containing 
linearisation information and temperature w 
correcting information for use in correcting said 
digital sample, and in that the control means 
(40) is connected to the microprocessor to 
enable the microprocessor to control the opera- 
tion of the transducer means (42, 44, 46). 15 

8. A down-hole tool according to Claim 7, 
characterised in that power is applied to said 
analog to digital conversion means only during 
the sample time periods. 

9. A down-hole tool according to Claim 8, 20 
characterised in that one of said transducer 
means comprises a pressure sensitive bridge 

(44) and in that the tool comprises a reference 
bridge means (46) like that of said pressure 
transducer means (44) and not subject to 25 
ambient pressure, said reference bridge means 
being sampled with said pressure transducer 
bridge output, and means responsive to said 
reference bridge samples to remove tempera- 
ture drift from said pressure samples prior to 30 
storage in said memory. 

10. A down-hole tool according to Claim 9, 
characterised by programmable read-only 
memory means (PROM) (20, 22, 24) storing 
calibration characteristics of each said trans- 35 
ducer over the range of parameter to be 
measured. 

11. A down-hole tool according to 10, 
characterised in that said computer means is 
programmed to effect an initial time-out period 40 
of selected duration prior to effecting a first 
sample taking sequence. 

12. A down-hole tool according to any of 
Claims 7 to 11, characterised in that the 
variable parameters are temperature and pres- 45 
sure. 

Revendications 

1. Procede pour enregistrer des donnees 50 
numeriques d'Schantillonnage en fonction du 
temps en fond de forage dans un outil de fond 
(figure 7) qui est autonome, ledit outil de fond 
comprenant une source d'6nergie (144), des 
moyens (42, 44, 46) de transduction de para- 55 
metres analogiques, des moyens (66) de 
conversion analogique/numSrique et une 
memoire vive (18), et lesdites donnees num6- 
riques d'Schantillonnage en fonction du temps 
etant m6moris6es dans ladite memoire vive eo 
pour etre ensuite extraites lorsque I'outil de fond 
est retire du sondage, le procede comprenant 
les etapes qui consistent: 

— 1) d declencher un echantillon de lecture es 



analogique pour les moyens de transduc- 
tion; 

— 2) d converter chaque echantillon analoqique 

de sortie en un echantillon numerique; 
— 3) £ mSmoriser l'6chantillon numerique dans 
ladite memoire vive afin qu'il soit retenu 
pour ladite extraction suivante; 
—4) £ m^moriser dans ladite m6moire vive un 
indicateur de temps associe a chaque 
echantillon numerique memorise; et 
— £ repeter les etapes aprds une temporisa- 
tion, la puissance etant fournie par la source 
d'6nergie aux moyens de transduction 
uniquement lorsque les echantillons de don- 
nees sont pris; 

caract§ris# en ce que les etapes 1), 2), 3) et 4) 
sont effectuSes sous la comma nde d'un micro- 
processeur (12), associe & ladite memoire vive 
et une memoire morte (16, 20, 22, 24) et 
dispose dans ledit outil de fond, et en ce que 
chaque cycle d'etapes du procede comprend, en 
plus des etapes 1), 2), 3) et 4) definies pr6c6- 
demment, les Stapes suivantes qui sont effec- 
tu6es par ledit microprocesseur: 

— 2a) une correction dudit echantillon 
numerique d I'aide d'une information de 
linearisation dans ladite memoire morte 
(16,20,22,24); 

— 2b) une correction dudit echantillon 
numerique d I'aide d'une information de 
correction de temperature dans ladite 
memoire morte (16, 20, 24); 

— 3a) une determination de la difference entre 
chaque echantillon numerique memorise 
et rechantillon numerique immediate- 
ment precedent; 

— 3b) une memorisation dans ladite memoire 
vive, en tant que donnees d'echantillons 
numeriques d retenir pour ladite extrac- 
tion suivante, uniquement des echantil- 
lons numeriques different de rechantil- 
lon precedent immediatement d'une 
valeur d6passant une valeur significa- 
tive de reference de changement de don- 
nees; 

— 5) un calcul du rythme de variation des don- 
nees £ partir des donnees numeriques 
d'echantillonnage en fonction du temps, 
telles que memoris6es conformement aux 
etapes 3b) et 4); et 

— 6) un r6glage de la temporisation avant la 
repetition du cycle et done de la fre- 
quence de prise des echantillons en fonc- 
tion du rythme de variation des donn6es 
et de toutes variations dudit rythme de 
variation. 

2. Procede seloh la revendication 1, dans 
lequel lesdits moyens de transduction compren- 
nent des transducteurs de temperature et de 
pression et I'outil comprend 6galement un pont 
de reference, caract6rise par I'etape qui consiste 
£ declencher une periode pres6lectionnee de 
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delai initial, definie par un programme et, a la fin 
de ladite periode de delai, a effectuer les Stapes 
(1) a (6) de la revendication 1. 

3. Procede selon la revendication 2, carac- 
terise en ce que I'etape 3a) consiste a* caiculer, a s 
partir de chaque echantillon de transducteur de 
pression et de la sortie d'echantillon multi- 
plex6e et associee dudit pont de reference, une 
valeur corrig6e en temperature dudit echantil- 

lon de transducteur de pression, et a memori- w 
ser ledit echantillon corrige en temperature 
dans lesdits moyens £ registre dudit micro- 
processeur. 

4. Proc6de selon la revendication 2 ou 3, 
caracterise en ce que lesdits echantillons a ts 
multiplexage temporel sont produits par une 
commande de puissance en interface avec un* 
ordinateur, et lesdits transducteurs et pont de 
reference sont alimentes par Intermittence par 
ladite source d'energie pour effectuer chaque 20 
sequence d'echantiilonnage a multiplexage 
temporel. 

5. Precede selon la revendication 4, dans 
lequel ledit ordinateur a microprocesseur com- 
prend une memoire morte programmable 25 
m6morisant des donn6es definissant un etalon- 
nage et une correction en temperature pour 
chacun desdits transducteurs et dudit pont, 
caracterise par la sous-etape supplemental, 
dans I'etape 3), consistant a utiliser ledit micro : 30 
processeur pour lineariser et corriger eri 
temperature lesdits echantillons de donnees 

pris sur lesdits transducteurs et ponts avant leur 
memorisation dans ladite m6moire vive de 
I'ordinateur. 35 

6. Proc6d6 selon la revendication 5, carac- 
terise en ce que I'etape 4) comprend la sous- 
etape consistant a memoriser un indicateur de 
temps de fiabilite et des donnees corrigees en 
pression et en temperature dans ladite memoire 40 
vive apres qu'un nombre predetermine 
d'echantillons successifs de donnees n'a pas 
satisfait les criteres definis par retape 3b). 

7. Outil de fond autonome destine a etre 
utilise dans 1e procede selon Tune quelcohque 45 
des revendications 1 a 6, comprenant une 
source d'energie (144), des moyens (42, 44, 

46) de transduction de parametres ana- 
logiques, des moyens (40) de commande appli- 
quant seiectivement de la puissance auxdits 50 
moyens de transduction uniquement pendant 
des periodes de temps d'echantillonnage, des 
moyens (66) de conversion analogique/numeri- 
que destines a convertir chaque echantillon 
analogique de sortie provenant desdits moyens 55 
de transduction en un echantillon numerique, et 
une m6moire vive (18) destinee a memoriser 
rechantilllon numerique et le temps auquel ledit 
echantillon num6rique est pris pour etre ensuite 
extrait lorsque I'outi! de fond est retire du 60 
sondage, caracterise en ce que I'outi! de fond 
contient egalement un microprocesseur avec 
ladite memoire vive et une memoire morte (16, 
20, 22, 24) contenant une information de 
linearisation et une information de correction en 65 



temperature 3 utiliser pour corriger ledit 
echantillon numerique, et en ce que les moyens 
(40) de commande sont connectes au micro- 
processeur pour autoriser le microprocesseur d 
commander le fonctionnement des moyens de 
transduction (42, 44, 46). 

8. Outil de fond selon la revendication 1 , 
caracterise en ce que la puissance est appli- 
qu6e auxdits moyens de conversion analo- 
gique/numerique uniquement pendant les 
p6riodes de temps d'echantillonnage. 

9. Outil de fond selon la revendication 8, 
caracterise en ce que Tun desdits moyens de 
transduction comprend un pont (44) sensible £ 
la pression et en ce que I'outil comprend un 
moyen (46) d ont de reference analoque a celui 
dudit moyen (44) de transduction de pression et 
non soumis a la pression ambiante, (edit moyen 
d pont de reference etant echantillonne par la 
sortie dudit pont transducteur de pression, et 
des moyens qui, en reponse auxdits echantil- 
lons du pont de reference, eiiminent la derive en 
temperature desdits echantilions de pression 
avant la memorisation dans ladite memoire. 

10. Outil de fond selon la revendication 9, 
caracterise par des moyens & memoire morte 
programmable (PROM) (20, 22, 24) memori- 
sant des caracteristiques d'etalonnage de 
chacun desdits transducteurs sur la plage du 
para metre a mesurer. 

11. Outil de fond selon la revendication 10, 
caracterise en ce que lesdits moyens £ ordina- 
teur sont programmes pour etablir une p6riode 
de delai initial de duree choisie avant de pro- 
ceder a une premiere sequence de prises 
d'echantillon. 

12. Outil de fond selon Tune quelconque des 
revendications 7 3 11, caracterise en ce que les 
parametres variables sont la temperature et la 
pression. 



PatentanspKiche 

1. Verfahren zum Speichern digitaler Mefc- 
wert-gegen-Zeit-Daten unten in einem Bohr- 
loch in einem in sich geschlossenen Bohrloch- 
gerat (Fig. 7) mit einer Stromquelle (144),. 
analogen Parameter-Ubertragungseinrichtun- 
gen(MeSwertumformer) (42, 44, 46), Analog- 
Digital-Wandler (66) und RAM-Speicher (18), 
wobei digitale MeBwert-gegen-Zeit-Daten in 
RAM-Speicher gespeichert werden zur nachfol- 
genden Ausgabe, wenn das Bohrlochgerat aus 
dem Bohrloch entfernt ist, mit den folgenden 
Verfahrensschritten: 

— 1) Initiieren eines analogen Ausgabe-MeR- 

wertes fur die Ubertragungseinrichtung; 
— 2) Umwandeln jedes analogen Ausgangs- 

Mefcwertes in einen digitalen Meftwert; 
— 3) Speichern des digitalen MeBwertes im 

RAM-Speicher zum Halten fur die nach- 

folgende Ausgabe; 
— 4) Speichern einer mit jedem gespeicherten 
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digitalen MeBwert verknupften Zeit- 
markierung im RAM-Speicher; und 
— Wiederholen der Verfahrensschritte nach 
einer Verzogerung, wobei den Ober- 
tragungseinrichtungen nurwahrend des Auf- 
nehmens der Daten-MeBwerte Strom von 
der Stromquelle zugefuhrt wird; 

dadurch gekennzeichnet, daB die Verfahrens- 
schritte 1), 2), 3)- und 4) unter der steuerung 
eines im Bohrlochgerat vorgesehenen Mikro- 
prozessors (12) mit dem RAM-Speicher und mit 
ROM-Speicher (16 # 20, 22, 24) durchgefuhrt 
werden, und daB jeder Zyklus von Verfahrens- 
schritten zusatzlich zu den vorstehend definier- 
ten Verfahrensschritten 1), 2), 3) und 4) die 
nachfolgenden Verfahrensschritte aufweist die 
vom Mikroprozessor durchgefuhrt werden: 

— 2a) Korrigieren des digitalen MeBwertes 
unter Verwendung von Linearisierungs- 
Information im ROM-Speicher (16, 20, 
22, 24); 

— 2b) Korrigieren des digitalen MeBwertes 
unter Verwendung von Temperatur- 
korrektur-lnformation im ROM-Speicher 
(16, 20,24); 

— 3a) Bestimmen der Differenz zwischen 
jedem gespeicherten digitalen MeBwert 
und dem nachsten vorausgehenden digi- 
talen BeBwert; 

— 3b) Speichern nur derjenigen digitalen MeB- 
werte im RAM-Speicher als fur die nach- 
folgende Ausgabe zuhaltende digitale 
MeBdaten, die sich vom nachsten vor- 
ausgehenden MeBwert um einen Wert 
unterscheiden, der einen signifikanten 
Referenzwert fur die Anderung der Daten 
uberschreitet; 

— 5) Berechnen der Anderungsgeschwmdig- 
keit der Daten aus den entsprechend den 
Verfahrensschritten 3b) und 4) gespei- 
cherten digitalen MeBwert-gegen-Zeit- 
Daten; und 

— 6) Anpassen der Verzogerung vor dem 
Wiederholen des Zyklus und damit der 
MeBwert-Aufnahmegeschwindigkeit als 
Funktion der Anderungsgeschwindigkeit 
der Daten und jeder Anderung dieser 
Anderungsgeschwindigkeit 

2. Verfahren nach Anspruch 1, wobei die 
Ubertragungseinrichtungen Temperatur- und 
Druckaufnehmer und das Gerat auch eine 
Referenzbrucke aufweisen, gekennzeichnet 
durch den Verfahrensschritt, daB eine vorher 
ausgewahlte, vom Programm definierte anfang- 
liche Sperrzeitdauer aufgerufen wird und nach 
Beendigung der Sperrzeitdauer die Verfahrens- 
schritte (1) bis (6) gemaB Anspruch 1 durch- 
gefuhrt werden. 

3. Verfahren nach Anspruch 2, dadurch 
gekennzeichnet, daB beim Verfahrensschritt 3a) 
von jedem Druckaufnehmer-MeBwert und dem 
damit verknupften Multiplex-MeBwertausgang 



der Referenzbrucke ein temperaturkorrigierter 
Wert des Druckaufnehmer-MeSwertes berech- 
net und der temperaturkorrigierte MeBwert in 
der Speichereinrichtung des Mikroprozessors 
5 gespeichert wird. 

4. Verfahren nach Anspruch 2 oder 3, da- 
durch gekennzeichnet, daB die Zeitmultiplex- 
MeBwerte von einer eine Computer-Schnitt- 
stelle aufweisenden Stromregelung bewirkt 

jo werden, und daB die Aufnehmer und die 
Referenzbrucke intermittierend von der Strom- 
quelle mit Strom versorgt werden, um jede der 
Zeitmultiplex-MeBwertfoIgen zu bewirken. 

5. Verfahren nach Anspruch 4, wobei der 
15 Mikroprozessor-Computer programmierbare Fest- 

wertspeicher (PROM's) aufweist, die Kali- 
brierdaten und die Temperaturkorrektur 
definierende Daten fur jeden der Aufnehmer und 
die Brucke speichern, gekennzeichnet durch den 

20 zusatzlichen Teilschritt im Verfahrensschritt 3), 
daB der Mikroprozessor zum Linearisieren und 
Temperaturkorrigieren der von den Aufneh- 
mem und Brucken aufgenommenen MeBdaten 
vor deren Speicherung in den RAM-Speichern 

25 des Computers verwendet wird. 

6. Verfahren nach Anspruch 5, dadurch 
gekennzeichnet, daB der Verfahrensschritt 4) 
den Teilschritt aufweist, daB eine Vertrauens- 
Zeitmarkierung und korrigierte Druck- und 

30 Temperaturdaten im RAM-Speicher gespei- 
chert werden, nachdem eine vorher festgelegt 
Anzahl a ufeinanderfol gender MeBdaten nicht 
die im Verfahrensschritt (3b) definierten 
Kriterien erfullt. 

35 7. In sich geschlossenes Bohrlochgerat zur 

Verwendung im Verfahren nach einem der An- 
spruche 1 bis 6, mit einer Stromquelle (144), 
analogen Parameter-Ubertragungseinrichtun- 
gen (42, 44, 46), einer Steuereinrichtung (40), 

40 die nur wahrend der Zeitdauer der MeBwert- 
aufnahme selektiv Strom an die Ubertragungs- 
einrichtungen anlegt, einer Analog-Digital- 
Wandlereinrichtung (66) zum Umwandeln jedes 
analogen AusgangsmeBwertes von den Uber- 

45 tragungseinrichtungen in einen digitalen MeB- 
wert, und einem RAM-Speicher (18) zum Spei- 
chern des digitalen MeBwertes und der Zeite, zu 
der der digitale MeBwert aufgenommen ist, zur 
nachfolgenden Ausgabe, wenn das Bohrloch- 

so gerat aus dem Bohrloch entfernt ist, dadurch 
gekennzeichnet, daB das Bohrlochgerat auch 
einen Mikroprozessor mit dem RAM-Speicher 
und ROM-Speicher (16, 20, 22, 24) aufweist 
der die zum Korrigieren des digitalen MeB- 

55 wertes verwendete Linearisierungs-lnformation 
und Temperaturkorrektur-lnformation enthalt, 
und daB die Steuereinrichtung (40) mit dem 
Mikroprozessor verbunden ist, um die Steuer- 
ung des Betriebs der Ubertragungseinrichtun- 

6o gen (42, 44, 46) durch den Mikroprozessor zu 
ermogiichen. 

8. Bohrlochgerat nach Anspruch 7, dadurch 
gekennzeichnet, daB der Analog-Digital-Wand- 
lereinrichtung nur wahrend der Zeitdauern der 

es MeBwertaufnahme Strom zugefuhrt wird. 
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9. Bohrlochgerat nach Ansqruch 8, dadurch 
gekennzeichnet, dalS eine der Ubertragungsein- 
richtungen eine druckempfindliche Brucke (44) 
aufweist, und daB das Gerat eine nicht dem 
Umgebungsdruck ausgesetzte Referenz- 5 
Bruckeneinrichtung (46) wie diejenige der 
Druckubertragungseinrichtung (44) aufweist, 
wobei die Referenz-Bruckeneinrichtung mitdem 
Ausgang der Brucke der Druckubertragunsein- 
richtung abgetastet wird, und auf die Mefc- 10 
werte der Referenzbriicke ansprechende Ein- 
richtungen, um eine Temperaturdrift aus den 
DruckmeBwerten vor deren Speicherung im 
Speicher zu entfernen. 

1 0. Bohrlochgerat nach Anspruch 9, gekenn- 15 



zeichnet durch eine programmierbare Fest- 
wertspeichereinrichtung (PROM) (20 r 22, 24), 
die die Kalibrierungs-Charakteristika von jeder 
der Ubertragungseinrichtungen (iber den zu 
messenden Parameterbereich speichert 

1 1 . Bohrlochgerat nach Anspruch 1 0, da- 
durch gekennzeichnet, dafc die Rechenein- 
richtung derart programmiert tst, dad vor einer 
ersten Meftwertaufnahmefolge eine anfang- 
liche Sperrzeit mit ausgewahlter Dauer bewirkt 
wird. 

12. Bohrlochgerat nach einem der An- 
spruche 7 bis 1 1 , dadurch gekennzeichnet, daB 
die variablen Parameter Temperatur und Druck 
sind. 
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